Several studies advocating safety first as a major concern to investors propose downside beta risk as an alternative to the traditional systematic risk-beta. Downside measures are concerned with a subset of the data and therefore the results in the studies that consider the downside beta only may be biased. This study addresses this issue by including downside co-skewness risk in addition to the downside beta risk in the pricing model. In a sample of 27 emerging markets two-stage rolling regression analysis fail to support pricing models with downside risk measures. In a crosssectional analysis inclusion of downside co-skewness improves model fit. When considered together, downside beta is potential and downside co-skewness is a risk to the rational investor.
Introduction
The capital asset pricing model (CAPM) due to Sharpe (1964) conveys the notion that securities are priced so that their expected return will compensate investors for their expected risk. Though the CAPM beta is still one of the most commonly used measures of security price movement researchers have strongly questioned the empirical validity of the assumptions underlying its derivation. In the mean-variance framework which the CAPM is built on, variance identifies extreme gains as well as extreme losses as undesirable. Advocating safety first as the major concern of rational investors some argue that only downside risk may be relevant to an investor.
A number of studies investigated downside risk as a measure of security risk. First the concept of semi-variance that makes reference to a benchmark return emerged and later several downside risk measures based on the semi-variance framework emerged. When computing downside risk only a subset of the return distribution is used and minimization of the semi-variance concentrates only on the reduction of losses. Further, the semi-variance is applicable only when portfolio return distribution is non-symmetrical. When the portfolio return is normally distributed semivariance below the expected return is half the portfolio's variance and hence variance may still be used to quantify risk. Nantell and Price (1979) show analytically that under the assumption of bivariate normal distribution of returns for an asset and the market, equilibrium rates of return are equal whether we use a variance or semi-variance notion of portfolio risk. Downside beta is both intuitively and theoretically appealing, and empirically can provide a better risk measure than the regular beta (Post and van Vliet, 2004) . Hogan and Warren (1974) in a theoretical framework and Jahankhani (1976) in an empirical study compared mean-variance and mean-semivariance pricing models and observed no difference in the two models in terms of linear association between expected return and beta. Estrada (2002) reveals that downside risk measures excel over the standard risk measures in explaining variability in the cross-section of returns in emerging markets. Pederson and Hwang (2003) in an investigation of UK equity data show that even though the downside beta explains a proportion of equities in addition to CAPM beta the proportion of equities benefiting from using the downside beta is not large enough to improve asset pricing models significantly. Ang, Chen, and Xing (2002) find a similar result in the US market. Ang, Chen and Xing (2002) measured downside risk by correlations conditional on downside moves of the market. They observed that the portfolio of stocks with the greatest downside correlations outperforms the portfolio of stocks with the lowest downside correlations and that this effect cannot be explained by the Fama and French (1993) model. Downside risk is appropriate when the security returns distribution is skewed. This raises another question. When the skewness of an asset return distribution is negative the downside returns will have a larger magnitude of returns than the upside returns. In other words, losses when they occur will tend to be large. Therefore rational investors dislike securities with negative co-skewness with the market portfolio returns so that securities with low co-skewness tend to have high average returns. When the skewness of the security returns distribution is positive, the upside returns will have a larger magnitude of returns than the downside returns. Therefore when losses (gains) occur they will be smaller (greater). Hence investors prefer positively skewed markets and will be willing to pay a premium for positive co-skewness. Therefore the questions that arise is whether co-skewness need be considered as a measure of risk in a mean semivariance framework and how it should be measured and interpreted.
Downside beta is explicitly conditional on market downside movements. On the other hand the traditional co-skewness measure does not explicitly accentuate asymmetries across up and down markets. This makes interpretation of co-skewness measures defined in a downside framework difficult. This study addresses this issue using emerging market data. We consider three downside beta risk measures: Estrada beta (E-beta), Hogan and Warren beta (HW-beta) and Bawa and Lindenberg beta (BL-beta) . We define the co-skewness counterparts of these downside beta risk measures and investigate whether downside beta and downside co-skewness are useful in explaining the cross-section of expected returns. Our results reveal that when the CAPM beta or any of the three downside betas only is included in the pricing model the risk premium associated with it is positive and only the E-beta is statistically significant. However, E-beta and CAPM beta together fail to explain the cross-section of expected returns. When downside coskewness is included in addition to the corresponding downside beta risk the risk premium associated with the beta (co-skewness) risk is negative (positive). This is observed only with the Hogan-Warren and Bawa-Lindenberg measures. When the CAPM beta is included in the pricing model the evidence is even stronger. Hogan-Warren measures outperform the Bawa-Lindenberg measures in explaining cross-section of expected returns.
The paper is organized as follows. The downside risk measures are defined in the next section followed by hypotheses of interest. Thereafter the methodology and the data are described in that order. The results and their discussion follow next. The paper is concluded with some remarks. Estrada (2002) defined an asset i's covariance with market portfolio in a downside framework as leading to a measure of systematic downside risk, the E-beta, given by
Downside risk measures
Following the rationale of including only the returns below the respective means in the measurement of risk, the downside co-skewness (E-gamma) risk may be defined as
(2) Hogan and Warren (1974) in the development of their expected value-semi-variance model defined the co-semi-variance as
The downside beta (HW-beta) and the downside gamma (HW-gamma) corresponding to the Hogan and Warren (1974) definition of co-semi-variance can be given as Bawa and Lindenberg (1977) suggested the use of the mean return instead of the risk-free rate in (3). In this case the expression for the downside beta (BL-beta) becomes 
Hypotheses of interest
It is clear in (1) . Therefore the interpretation of beta risk is not clear and hence the contribution of the associated market risk premium on the expected asset return is not clear either.
The downside gamma risk poses a similar problem. That is when The multi-moment models are not sufficiently flexible to model downside risk and it is generally difficult to restrict these models to obey the standard regularity conditions of nonsatiation (noarbitrage) and risk aversion (Post and van Vliet, 2004) . increases or decreases depending on whether the security return exceeds the mean (risk-free rate)
or not suggests that their risk premiums are likely to have opposite signs.
Methodology

Cross-sectional analysis
First, for each market we estimate the systematic risks and average return using the full set of sample data. The average return is then regressed on the estimated systematic risk/s to investigate whether or not the corresponding risk-return linear relationships are significant. 
Two-stage rolling regression analysis
We investigate the risk-return relationships allowing for systematic risks to vary over time. The analysis here is based on a two-stage procedure. In the first stage we estimate systematic risks using the method of ordinary least squares and with time series data. We start the procedure by estimating for each market the systematic risks using the data corresponding to the first 60-month period. In the second stage adopting the method of cross-sectional regression we test whether the systematic risks are priced or not. In each of the 12 months that follows the 60-month period used in the first stage, the monthly market returns are regressed on the systematic risks estimated in the preceding 60-month period. Here, it is assumed that the systematic risks estimated in the first stage proxy systematic risks of the second stage.
3 The two-stage procedure is then repeated using a rolling window technique, rolling forward 12 months at a time.
There are three different start dates in the sample data. Therefore to accommodate all the 27 markets in the two-stage rolling regression analysis we use a truncated data set. This allows five repetitions of the two-stage procedure enabling estimation of systematic risk premiums in 60 consecutive months.
Data
The data used here is from the MSCI database on emerging market monthly indices. We consider 27 markets-10 Asian, 7 Latin American and 10 African, Middle-Eastern and European. The sample period varies where for 12 markets the start date is January 1987, for 10 markets it is January 1992 and for the rest the start date is January 1994. For all markets the data is collected up to December 2004. The returns are computed as the difference in two consecutive monthly log prices. 4 The proxy used for the market index is the world index available in the MSCI database and the proxy for the risk-free rate is the 10-year US Treasury bond rate.
5
The complete list of the markets, the data start dates and some summary statistics is given in Table 1 . Entries in Table 1 reveal that for markets, the minimum return ranges from -110.8 percent to -15.1 percent while the maximum varies between 78.1 percent and 15.6 percent. 4 A study (Estrada, 2002) using a data set comparable to ours examined asset pricing models with downside beta with return computed as the arithmetic return. Therefore to compare our results to the results in that study we repeat the analysis with arithmetic returns. 5 If a market is not liberalized the relevant source of systematic risk for pricing stocks is the local stock market index. When a country's stock market is liberalized the source of systematic risk of an asset becomes the world market portfolio. The sample data for all countries is in the post liberalization era and hence the reason for using world index. We examine the robustness of our results with equal-weighted average return of all the 27 markets as a proxy for the world market portfolio return and the US 3-month Treasury bill rate as the risk-free rate.
Excess kurtosis can be as high as 9.3 with the minimum being -0.4. Excess kurtosis is positive in eleven markets. The skewness ranges from -1.4 to 0.9 with eight markets with positive skew. The world market return distribution is negatively skewed and has 0.7 excess kurtosis and 0.5 percent mean return.
Results and discussion
6.1 Cross-sectional models First, we estimate the following cross-sectional regression models.
Model A: (includes the CAPM beta)
Model B (includes E-beta) ( )
Model C (includes E-beta and E-gamma) ( )
Model D (includes HW-beta) ( )
Model E (includes HW-beta and HW-gamma) .
(12) ( )
Model F (includes E-beta and HW-beta)
The results reported in Table 2 give the parameters estimated in the above models where for each market the mean return and the risk measures are estimated using the full set of sampled data. 6 The data does not support the traditional CAPM model. The estimates shown in panel 2 reveals weak support (significant at the 10 percent level) for the Estrada downside CAPM model with a positive premium however when the downside gamma risk is included in the model (Model C) both E-beta and E-gamma are not significantly different from zero. The results in Model D reveal that the premiums associated with the HW-beta and BL-beta risk measures are not significant.
However, when the gamma risk is included (Model E) the premiums corresponding to downside beta and downside gamma are significant at the five percent level when Hogan-Warren measures are used and at the five and ten percent levels respectively when Bawa-Lindenberg measures are used. Further, the two premiums have opposite signs with a negative premium for downside beta risk. We also estimate a model (Model F) where both the E-beta and the HW-beta is included in the pricing model. In this case both risks tend to be priced with a positive premium for E-beta risk and a negative premium for HW-beta risk. When the risk-free rate in the HW-beta measure is replaced with the appropriate mean only the Estrada beta risk premium is priced with a positive sign and at the ten percent level.
In general, as far as the sign of the risk premium is concerned, whenever the CAPM beta or any of the three downside betas is included in the pricing model separately the risk premium associated with it is always positive.
7 On the other hand, when the gamma is included in addition to the corresponding beta risk the risk premium associated with the beta (gamma) risk is negative (positive). 8 The R-square/adjusted R-square values indicate that the fit in these models is very 6 The correlation between the estimated is very high. This is addressed under further testing when robustness of the results is discussed. The variation in market returns is rather small and therefore heteroscedasticity is not a concern here. In some instances the risk premium is not significantly different from zero. 8 In some instances the risk premium is not significantly different from zero.
poor. The best fit is revealed in Model F with an adjusted R-square value of less than nineteen percent. Now we discuss the results when the CAPM beta is included in models A-F. These results are given in Table 3 . The results in the first panel of Table 3 reveals that when the pricing model (Model AA) includes the CAPM beta risk together with E-beta none of them is priced and the model has a very poor fit. A similar result is obtained in Model BB where the CAPM beta, E-beta and E-gamma are present. When the HW-beta together with the CAPM beta is in the model (Model CC) both risks are priced with investors demanding a premium for the beta risk and willing to forego expected return for the downside beta risk.
9 When the CAPM beta and the BLbeta are considered none of the corresponding risk premia are significant. On the other hand, when Model CC is enhanced with the gamma risk (Model DD) all three risks are priced with investors requiring a premium for the CAPM beta risk as well as the gamma risk and willing to pay a premium for the downside beta risk. This is observed whether or not the excess return in the downside framework is based on the risk-free rate or the mean return. This together with the result in Model E given in Table 2 suggests that when downside beta and downside gamma are present together in the pricing model investors display a preference for downside co-skewness and dislike downside beta risk. The presence of the CAPM beta in the pricing model makes these observations even stronger (adjusted R-square increases from 17 percent to 42 percent).
Earlier we observed in Model F, (2003) using UK equity data show that even though the downside beta explains a proportion of equities in addition to CAPM beta the proportion of equities benefiting from using the downside beta is not large enough to improve asset pricing models significantly. Their results show that downside betas are of limited use in asset pricing compared to CAPM beta.
include the CAPM beta reveals a similar result with a better model fit (adjusted R-square increases from 18 percent to 38 percent) with a positive and significant CAPM beta risk premium.
In general, inclusion of the CAPM beta in the pricing model with downside risk measures improves model fit and the signs of the risk premium observed in the pricing model without the CAPM beta are preserved. Downside risk measures due to Hogan and Warren seems more appropriate than Bawa-Lindenberg measures when the CAPM beta is in the pricing model.
We also investigate the association between the mean return and risk when the 27 markets are divided into three equally-weighted portfolios ranked on CAPM beta, E-beta, HW-beta, E-beta and E-gamma and HW-beta and HW-gamma. If the systematic component of a given risk is priced then stocks sorted by the relevant measure of risk should exhibit cross-sectional spreads in expected returns. The first portfolio (P1) consists of the markets with the lowest nine risk estimates and the third portfolio (P3) consist of the markets with the highest nine risk estimates.
The results reported in Table 4 reveals that the average return in P1 lies between that of P2 and P3 when the portfolios are formed on the CAPM beta and the E-beta of the market. This is an unexpected result especially when portfolios are formed on the CAPM beta. On the other hand the average portfolio return appears to increase with increasing HW and BL portfolio beta suggesting that the relationship between E-beta and return may not be monotonically increasing.
This may be one of the reasons why the sample data do not support the pricing models that include E-beta and E-gamma. When portfolios are formed on downside beta and downside gamma a monotonically increasing average return-risk relationship is observed only with BL measures of risk when excess return is computed with reference to the mean return.
Rolling regression
Note that the two-stage rolling regression analysis is carried out with a reduced sample and the model parameters are estimated in 60 cross-sectional regressions. The models estimated here are
A-E described in Table 2 . The results (not shown) reveal that none of the pricing models are supported. This result does not change when the pricing models are tested in each of the five rolling window periods separately. We repeated the portfolio analysis with the reduced sample as well. Here the average return in P2 is negative while the average return in P1 and P3 are positive with P3 having a higher average irrespective of the risk measure used in forming the portfolios.
The results are reported in Table 5 .
Robustness of the results
Market return
We repeated the cross-sectional and the rolling regression analysis with the equally-weighted return of the 27 sampled markets as the market return. The results are largely unchanged from those obtained with world index return as a proxy for the market portfolio return. When the US 10-year Treasury bond rate is replaced with the US 3-month Treasury bill rate there is no notable change in the results.
Arithmetic returns
Estrada (2002) in a study of the same set of emerging markets that we sampled found strong empirical evidence to support the E-beta against the CAPM beta when arithmetic market returns are used. 10 In our data set the summary statistics with arithmetic returns, which we do not report for the sake of brevity, clearly indicates an increase in average monthly return (from 0.64 percent to 1.32 percent), average skew (from -0.20 percent to 0.53 percent) and average excess kurtosis 10 In arithmetic (discrete) returns a percentage gain followed by the same percentage loss in two consecutive periods does not revert back to the original investment whereas in log (continuously compounded) returns such a move does. Even though returns are considered to be generated continuously through time sometimes returns are treated as if they are generated at discrete intervals due to trading that occur at discrete intervals. See Brailsford, Faff and Oliver (1997) for a detailed discussion on this issue.
(from 2.68 percent to 3.30 percent) from those calculated with the log returns. In view of this variation we investigate the sensitivity of our results when the market return is computed as an arithmetic return.
The results in the cross sectional regression analysis reported in Table 6 reveals that when CAPM beta, E-beta, HW-beta and BL-beta are considered separately in a pricing equation the investors require a premium that is significantly different from zero to accept the corresponding risk. In log returns statistical evidence is found only with E-beta. When E-gamma is included with E-beta in the same model none of the associated risks are priced. This was uncovered in the log returns as well. On the other hand, when HW-gamma is included in the pricing model together with HW-beta the risk premium associated with both risks are priced where a preference for the HW-beta (BL-beta) risk and an aversion for the HW-gamma (BL-gamma) risk is noted. A similar observation is made in log returns. When E-beta and HW-beta both are in the pricing model the model fit improves and they are both priced such that E-beta has a positive risk premium and HW-beta (BL-beta) has a negative risk premium.
When we construct portfolios and examine the average portfolio return against portfolio risk we find that the CAPM beta and return and HW-beta and return have a positive relationship. The results in Table 7 also reveal a positive relationship between portfolio risk and return when portfolios are formed by ranking the markets on HW-beta and HW-gamma. With Estrada measures P2 (0.947 percent) has a slightly lower return than P1 (0.951 percent) and P3 has a much higher return (2.056 percent) than P1. The composition of portfolios does not change when E-gamma is also used in the ranking. Consequently the returns in portfolios formed on ranked ES-beta and ranked E-beta and E-gamma are the same. A similar observation is made in Tables 4 and 6 when log return in the full sample and a truncated sample is used. This may be the reason why we failed to find evidence in support of E-gamma in any of the models considered. Besides the presence of E-gamma in the pricing model makes the risk premium associated with E-beta insignificant. In arithmetic returns the spread between P1 and P3 is larger than in log returns.
Further testing
We observe high correlation between CAPM beta, downside beta and downside gamma where the Pearson correlation coefficient exceeds 0.9. Hence we conduct further tests to determine whether or not downside beta and downside gamma is priced when the CAPM beta is in the pricing model. First downside beta is regressed on a constant and CAPM beta. The residuals from this regression which are orthogonal to CAPM beta are effectively the orthogonalised component of downside beta. Thereafter expected returns are regressed on CAPM beta and orthogonalised downside beta. The results of the analysis are shown in Table 8 .
The results in Table 8 indicate that the orthogonalised component of E-beta and BL-beta is not significant. This suggests that E-beta and BL-beta may not be useful in explaining crosssection of asset returns when the CAPM beta is in the pricing model. On the other hand, the orthogonalised component of HW-beta is significant at the 1 percent level. Hence our results provide some backing for inclusion of HW-beta in the pricing model in addition to the CAPM beta. A similar observation was made in model CC whose results are shown in Table 3 .
Further, model DD whose results are shown in Table 3 reveals that HW-gamma together with CAPM beta and HW-beta explains in excess of 42 percent of variation in the cross section of expected returns. We test this result adopting a two step procedure similar to the one used earlier when testing the appropriateness of downside beta in explaining asset prices. Here HW-gamma is regressed on a constant, CAPM beta and HW-beta first. In the second step the cross section of expected returns is regressed on a constant, CAPM beta, HW-beta and the residuals obtained in the first step. The aim is to see whether there remains any unexplained variation in expected returns which HW-gamma may account for in addition to those explained by CAPM beta and HW-beta. The results shown in Table 8 provide evidence in support of the earlier observation that the variation in cross-section of expected return may be explained better by CAPM beta together with HW-beta and HW-gamma.
Concluding remarks
In general, when the CAPM beta or any of the three downside betas is included in the pricing model the risk premium associated with it is always positive. On the other hand, when the downside co-skewness is included in addition to the corresponding downside beta risk the risk premium associated with downside beta (downside co-skewness) risk is negative (positive).
When the CAPM beta is included in such a pricing model the evidence is even stronger. In this case downside risk measures due to Hogan and Warren are more appropriate than Bawa and Lindenberg measures.
Our results however are inconclusive. Emerging market risk premium may not be determined solely by risk factors common to all countries. A combination of global and local risk factors may influence some markets. Our observations suggest that investigation of downside co-skewness is crucial in understanding asset pricing in a downside framework. (4) and (5)) is replaced with the corresponding mean. (4) and (5)) is replaced with the corresponding mean. 1933 (1.1962) 0.0963 (0.1798) Notes: P1 consist of the markets that has the lowest nine estimates and P3 consist of the markets that has the highest nine estimates. All entries are arithmetic averages. The risk measures are based on log returns, market portfolio return is the world index return and the risk-free rate is the US 10-year bond rate. The figures in parentheses are the estimates when the risk-free rate in the Hogan and Warren downside beta and downside gamma (equations (4) and (5)) is replaced with the corresponding mean. Notes: P1 is made up of markets that have the lowest nine risk estimates and P3 is the one with the highest nine estimates. The risk measures are based on log returns, market portfolio return is the world index return and the risk-free rate is the US 10-year bond rate. Notes: The statistics are based on 27 estimates. The mean and standard error is expressed as a percentage. *** denotes significance at the 10 percent level, ** denotes significance at the 5 percent level and * denotes significance at the 1 percent level. The figures in parentheses are the estimates when the risk-free rate in the Hogan and Warren downside beta and downside co-skew (equations (4) and (5)) are replaced with the appropriate means. P1 is made up of markets that have the lowest nine estimates and P3 is the one with the highest nine estimates. All entries are averages based on nine values. The risk measures are based on arithmetic returns, market portfolio return is the world index return and the risk-free rate is the US 10-year bond rate. The figures in parentheses are the estimates when the risk-free rate in the Hogan and Warren downside beta and downside gamma (equations (4) and (5)) is replaced with the corresponding mean. 
